Information obtained from the C X-ray spectra is not novel for the C-functional groups (e.g. carboxyls), since the same groups were also identified using the NMR and IR spectroscopy before. However, the X-ray methods allowed in-situ studies of these molecules directly when they are present in soil or sediment samples while the other methods could not. Using the NMR and IR spectroscopy, we focused on the nature of carboxylic acid structures in fluvial and soil humic substances. Our studies suggest that a significant fraction of carboxyls contain substituents, such as OH and COOH, on the α-carbon, which makes these carboxyls highly reactive, and can assist in metal chelation by carboxyls. Our X-ray studies on N, P, and S groups indicated unique functional group information and we identified aromatic N in addition to aliphatic moieties (identified by previous NMR studies), phosphate esters and phosphonates, and reduced and oxidized S moieties.
We also examined the Cl moieties in the natural organics and the detailed molecular structure and composition of naturally formed organohalogens. We found that Cl -in plants and other biological systems convert to organo-Cl during weathering. Although we could not identify the organisms or the reactions responsible for these reactions, we successfully halogenated plant material using haloperoxidase enzymes isolated from Caldaiomyces fumago. We also developed X-ray based techniques for the quantification of natural organohalogens, and these techniques helped in the evaluation of rates of organohalogen formation in forest ecosystems. We also found the brominated and iodinated compounds in marine and terrestrial systems, and we are in the process of publishing these results.
Macromolecular structure. Our X-ray microscopy studies of fluvial and soil humic substances showed that humic substances change their aggregate structures based on the solution pH, ionic strength of solution and the type of metal ions, and the presence of minerals. We could also identify the organo-mineral interactions in soil aggregates under different solution chemical conditions.
Structure of water and solvation of metal ions in water.
Since our new synchrotron endstation also allowed the examination of O-XAS, we also examined the nature of Hbonding networks in liquid water, and the nature of solvated water around metal ions. Our studies revealed new information on H-bonding in liquid water, which indicated that the tetrahedral structure of water is disturbed for a significant fraction of water molecules. Studies on ice and gas phase water and complementary DFT studies on water supported these observations. Ion solvation studies on different mono-, di-, and tri-valent ions indicate that these ions disturb the water structure and, especially in the case of transition metal ions, covalent bonds are also observed with solvated water molecules.
Future Directions
The future studies of our group will focus on the understanding the details of the functional groups of N, P and S, and their cycling/transformation during weathering reactions in soils and aquatic systems, and the reactions of organic molecules with different mineral surfaces and how this influences the structure and stability of different classes of organic molecules. We are also interested in identifying of the molecular structures of organohalogens and in examining the processes involved in the formation of organohalogens and their ultimate fate. 
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